The reactiv ity o f heterocyclic a ,/? -unsat urat e d k eto n es tow ards th e title com pounds has been studied. A pyrim idine, pyrazoline, isoxazoline and a fused pyrrolidine rings have been built up. Mannich reaction w as tried w ith th e pyrazoline d erivative (4d). Brom ination of the 2-cinnam oyl com pounds ( l a -c ) , and cyclization o f th e products were also under taken.
Considerable attention has been devoted to 2-benzimidazole derivatives as chemotherapeutic compound1-2 and in connection with their possible pharmaceutical activ ity 3'4. Accordingly, it was of interest to synthesize new series of heterocyclic compounds, structurally including the benzimidazole moiety as well as another heterocycle like pyrimidine (and its thione analogue), pyrazoline, isoxazoline or pyrrolidine.
a,/?-Unsaturated ketones provide a valuable mediate for building up various heterocycles. A series of 2-cinnamoylbenzimidazoles (la -f) are used here for this purpose5-6. As reported before5, 2-cinnamoylbenzimidazole (1) reacts with thiourea to give 5,6-dihydro-4-(2-benzimidazolyl)-6-phenyl-2(lH)-pyrimidinethione (2 a). Similarly, lb -e reacted with thiourea in boiling alcoholic potassium hydroxide to give the pyrimidinethiones (2b-e), respectively. The IR spectra of 2 b-e showed absorption bands at 1310-1290 cm-1 assigned to the C = S group. The NMR spectrum (TFA) of 2 b showed signals at < 5 3.9 ppm (s, 3, OCH3), < 5 6.60 ppm (d, 4, pyrimidine ring protons) and d 7.00-7.78 ppm (m, 8, aromatic protons).
The analogous pyrimidones (3a-e) wrere respec tively obtained by the reaction of 1 a-e with urea in boiling ethanolic hydrogen chloride. The IR spectrum of 3 a showed bands assigned to NH (3210 cm-1), C = 0 (1665 cm-1) and C = N (1520 cm-1).
The condensation of hydrazine hydrate with 1 a-d in boiling ethanol yielded the unstable yellow pyrazoline derivatives, 3-(2-benzimidazolyl)-5-aryl-2-pyrazolines (4a-d). However, the rather stable N-acetyl derivatives (5a-d) were obtained when the reaction was carried out in boiling acetic acid.
The structure of 5a-d was confirmed by their independent synthesis. Thus on refluxing 4a-d in acetic anhydride for three hours, the colourless N-acetyl compounds 5a-d were obtained.
The IR spectrum of 5 a showed absorption bands at 1650 cm-1 (amide C = 0 ) and a t 1600 cm-1 (C=N).
Furthermore, the condensation of l a -f writh phenylhydrazine produced the corresponding Nphenylpyrazoline derivatives (6a-f), respectively. The analytical and spectral data favour the assignment of structure 6 to these products. Thus the IR spectrum of 6d exhibits bands attributable to OH (3450 cm-1) and C = N (1620 cm-1). The NMR spectrum (TFA) of 6 c shows the following signals at d 2.49 (for the -N(CH3)2 group protons, singlet), 6 4 .90 (methylene group protons, singlet), 6 7.00-8.40 (aromatic protons, multiplet) and 6 8.90 ppm (NH proton, singlet).
Compounds 4 a, 5 a and 6 a, when exposed to bromine vapour, turned green conforming thus to the R a i f o r d and P a t e r s o n test for pyrazolines7.
Apparently the formation of the pyrazoline ring in compounds 4-6 required initial formation of a hydrazone followed by the addition of this hydrazone to the ethylenic linkage. This is in accord with the formation of pyrazolines from vinylketones8.
The NH of the pyrazoline ring in 4 proved to be the active centre towards Mannich reaction. Thus, when a methanolic solution of 4d was treated with aqueous formaldehyde and morpholine the co stalline N-Mannich base, l-morpholinomethyl-3(2-benzimidazolyl)-5-(o-phenolyl)-2-pyrazoline (7) was obtained.
C6H4OH-o
Assignment of structure 7 to the Mannich base is infered from the correct analytical data for C2iH 23N s02 and from its IR spectrum which show?s a broad absorption band at 3500-3110 cm-1 due to both OH and NH, and another band at 1640 cm-1 due to C = N .
N-Alkylation took place also at the pyrazoline ring. Treatm ent of a methanolic solution of 4d with 2-diethylaminoethyl chloride gives a white precipi tate of l-
The formation of an isoxazoline ring could be effected by the reaction of 1 with hydroxylamine. When la , b, d, e were boiled with hydroxylamine hydrochloride in alcoholic sodium hydroxide solu tion, the corresponding isoxazolines, 3-(2-benzimidazolyl)-5-aryl-2-isoxazolines (9a-d) were ob tained. In viewr of the fact that halogens confer fungicidal activity, bromination of the 2-cinnamoylbenzimidazoles (1) was attem pted. Thus, la -c were treated with bromine in carbon tetrachloride, where addi tion took place at the olefinic linkage, to give the dibromides (lOa-c).
A ttem pted recrystallization of these dibromides from methanol or acetic acid effected cyclization to give the pyrrolo[l,2-a]benzimidazoles (lla -c ).
The structure assigned for 11 are inferred from their IR spectra which have no absorption bands characteristic for the NH group. Experimental All melting points are uncorrected and were taken in a Gallenkamp electric melting point apparatus and Boetius melting point microscope. The IR spectra were performed on a Carl Zeiss Infracord spectrophotometer model "UR 10" using KBr. The NMR spectra were obtained in deuterotrifluoroacetic acid solution with a Varian Associates model "A-60" spectrometer.
Reaction of 1 b-e with thiourea
The same procedure described for the preparation of 2 a 5 was followed and the products 2 b-e are listed in Table I .
Reaction of 1 a-e with urea
To a mixture of urea (2 g; 0.033 mole) and ethanol (20 ml) was added enough hydrochloric acid to get a clear solution. 0.02 mole of 1 a-e was then added and the m ixture refluxed on a steam bath for 8 hours.
The reaction mixture was then concentrated, cooled and made alkaline with ammonium hydroxide. The product was filtered off and crystallized from the proper solvent to give 3 a-e (Table I) .
Condensation of 1 a-d with hydrazine hydrate
General procedure: a) 0.005 mole of 1 a-d were boiled with 0.05 mole of hydrazine hydrate (98%) in 20 ml of ethanol for 6 hours to give after cooling yellow needles of 4 a-d. The products decompose on standing, but they give green colour when exposed on a filter paper to bromine vapour, showing thus a pyrazoline struc tu re 7. b) A m ixture of 0.005 mole of 1 a-d, 0.05 mole of hydrazine hydrate (98%) and 10 ml of glacial acetic acid was refluxed for 5 hours. The reaction mixture was cooled and triturated with aqueous ammonia till no more precipitate was formed. The product was filtered off and crystallized from the proper solvent to give 5 a-d (Table II) . 5 H alf a gram of 4 a-d was refluxed in 5 ml of acetic anhydride for 3 hours. The reaction m ixture was then cooled, the separated crystalline products proved to be identical with 5 a-d (m.p. and mixed m.p.). 
Conversion of 4 into

Condensation of 1 a-d with phenylhydrazine
General procedure:
A m ixture of 0.005 mole of 1 a-d, phenylhydrazine (0.005 mole) and 15 ml of acetic acid was refluxed for 8 hours. The yellow7 crystalline product separated after cooling was filtered off" and recrystallized from the proper solvent (Table II) . hydroxide (1 g) and ethanol (30 ml) wras refluxed for 3 hours. The solid which separated on cooling was filtered off and crystallized from the proper solvent to give 9 a-d (Table III) . Aryl-2,3-dibrom opropanoyl ) benzimidazoles (lOa-c)
2-( 3-
General procedure:
A solution of 0.01 mole of 1 a-c in 60 ml of carbon tetrachloride was treated portionwise while shaking, with a solution of 1.6 g of bromine in 20 ml of carbon tetrachloride and the mixture wras left overnight. The product was filtered off and washed with methanol to give the crude dibromides 10 a-c. A ryl-2-brom o-2,3-dih ydro-l H -pyrrolo[ 1,2-a] -benzim idazol-3-ones (11 a-c) Recrystallization of the dibromides 10 a-c from acetic acid gave 11 a-c, respectively, in ca. 85% yields.
l-
11 a was crystallized from ethylene chloride, m. 
